
V.—A Contribution to the Chemistry of Nitroglycerine. By MATTHEW

HAY, M.D., Assistant to the Professor of Materia Medica in the
University of Edinburgh.

(Communicated by Professor GEUM BROWN.)

Introductory.—In the course of an inquiry into the physiological and
therapeutical action of alkaline nitrites, and allied substances, I was struck
with the strong resemblance which the action of nitroglycerine bears to that
of the nitrites.* The resemblance is, indeed, so well marked, that the action of
the one may be held to be identical with that of the other, unless in respect of
intensity. The suggestion, therefore, naturally occurred to me, that nitro-
glycerine is not a nitrate of glyceryl, as it is always represented, but a nitrite.
For no ordinary nitrate, as an alkaline nitrate or nitrate of ethyl, nor any
compound of glyceryl with another acid, as sulphuric acid, produces an action
on the body at all resembling that of nitroglycerine. On referring to the
various investigations which had been made for the purpose of ascertaining the
chemical constitution of nitroglycerine, I found that none of them was
sufficiently extended and exact to place beyond doubt its precise nature. The
danger in manipulating so explosive a body had evidently prevented the
various chemists from making a thorough examination of its composition. I
at first thought that nitroglycerine might be a nitrite of glyceryl, having its
nitrous acid so intimately combined with the glyceryl, that the acid did not
exhibit its reactions when tested for in the usual way ; just as the acids of other
ethereal compounds will not yield their usual reactions, unless special means
are taken to forcibly dissociate the acid from the base ; for example, the acid
of acetate of ethyl, or of chloride of ethyl. Certainly nitroglycerine gives no
blue colour with a solution of starch and iodide of potassium and sulphuric
acid, a very delicate test for the presence of nitrous acid. In order, however,
to apply the test to the separated acid of nitroglycerine, I mixed an alcoholic
solution of nitroglycerine with an alcoholic solution of pure caustic potash. The
potash was ascertained to be free from nitrite, which I have frequently found
present in small quantity in various specimens of ordinary potash. Decomposi-
tion of the nitroglycerine quickly occurred, and the fluid, when now tested for
nitrous acid, was found to contain the acid in abundance, and so much of it,
that for the moment I believed that nitroglycerine was, in reality, a nitrite of

* MATTHEW HAY, Practitioner, March, and June 1883.
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glyceryl; and hence the nature of its physiological action. Some estimations,
however, of the quantity of the nitrous acid proved to me that whilst the larger
portion of the nitrogen of the nitroglycerine appeared as nitrous acid in the
decomposed products, yet a considerable portion was present in some other
form.

The production of a large amount of an alkaline nitrite, when nitroglycerine
is decomposed by an alkali, is a fact which, very strangely, has hitherto
escaped the observation of chemists. MULLER and DE LA RUE * have, indeed,
remarked the formation of nitrous acid in the spontaneous decomposition of
badly-washed nitroglycerine ; and HESS and SCHWAB t have even stated that
nitrite of potassium is formed in addition to nitrate of potassium when potash
is allowed to act on nitroglycerine, but they appear to have believed that the
nitrite was formed in small quantity, and was quite a subsidiary product of the
decomposition. Ever since EAILTON,J in 1855, published his paper on " Nitro-
glycerine and its Products of Decomposition by Caustic Potash," the
decomposition has been invariably represented, and even in the most recent
works on chemistry, by the equation :—C3H5 .3(T).NO2)-I-3HKOH = C3H5

.3OH+3(KO.NO2); that is, caustic potash decomposes nitroglycerine with
the formation of glycerine and nitrate of potash ; and it is mainly from the
supposed correctness of this equation that the formula for the constitution of
nitroglycerine has been derived. WILLIAMSON,§ in the following year, gives
an account of an investigation of nitroglycerine, and with results so exactly
similar, even in detail, to those of RAILTON, that it is apparent that these
chemists had made the investigation conjointly, although they published their
results separately. RAILTON supplies a more minute account of his method of
analysis of the products of decomposition, and it is not difficult to understand,
from a careful perusal of it, how he was led to suppose that the nitrate of
potash, which he obtained by crystallisation, was the only salt present. He
applied no tests for nitrous acid, and he made no quantitative estimation
either of the nitrate of potash or of the glycerine ; and I may anticipate some
of the results of the present investigation, and say that it is highly improbable
that he obtained any glycerine at all, as he probably mistook for glycerine a
syrupy residue consisting of other substances. No succeeding investigator of
the chemistry of nitroglycerine has examined much more minutely the decom-
position products ; and the equation, therefore, remains as yet unaltered. It is
evident that the constitution of nitroglycerine and the action of alkalies on
nitroglycerine afford room for further investigation.

* MiJLLER und DE LA EUE, Liebig's Annalen. d. Chemie., CIX. 122.
f HESS und SCHWAB, Benefited, deutsch. chem: Gesellschft. Bd. XI. (1878), S. 192.
J HAILTON, QU. Journ. of Chem. Soc, vol. vii. p. 222.
§ WILLIAMSON, Proc. Roy. Soc. Lond., vol. vii. p. 130.
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Action of Fixed Alkalies on Nitroglycerine.—-The nitroglycerine used was
made by myself and not extracted from dynamite, as has been very frequently
the case with previous investigators. I shall afterwards describe the mode of
preparation employed. It is sufficient in the meantime to state, that whatever
was the variation practised in the method of the production of the nitro-
glycerine, the products were perfectly uniform in character. The action of the
alkali was examined both in aqueous and in alcoholic solutions. Nitro-
glycerine is so insoluble in water that it was decidedly preferable to make use
of an alcoholic solution of the ether and mix it with an alcoholic solution of
pure caustic potash (crystallised from its solution in alcohol). Absolute ethylic
alcohol was employed in every instance.

When a moderately strong solution of caustic potash (1 in 10) is added to
a solution of nitroglycerine of similar strength, the following phenomena are
observed. The first few drops of the alkaline solution produce an orange-
coloured precipitate, which, on the addition of more of the potash, assumes
along with the whole fluid a deep reddish-brown colour. A large amount of
heat is developed during the mixture, amounting almost to ebullition of the
alcohol; a strong aldehyde-like odour is evolved, without any perceptible
odour of ammonia or acrolein. The fluid quickly separates into two layers—
the lower, and much the smaller, being partly of the nature of a solid
precipitate, yet in great part syrupy and of a very deep reddish-brown colour,
and containing nearly all the colouring matter formed by the decomposition of
the nitroglycerine. The upper layer constitutes the bulk of the fluid, and is
yellowish in colour, and at first muddy, but, after a few minutes, becomes quite
transparent. The application of external heat is, as I have ascertained, quite
unnecessary to complete the decomposition, although in most of my
experiments I have with this object boiled the fluid over the water-bath
for several minutes, sometimes to the entire dissipation of the alcohol, water
being added as the alcohol is evaporated. When water is so added, the syrupy
precipitate, in proportion to the amount of alcohol still present, becomes
partially or completely dissolved, yielding a deep reddish-brown solution. If
sufficient water is added to the fluid without previous removal of the alcohol,
it is still possible to obtain a perfect solution of all the substances present. It
was in such diluted solutions, obtained either in the one way or the other, that
I estimated the amount of nitrite of potassium formed. This was effected by
means of starch, potassium iodide, and dilute sulphuric acid, a thoroughly
well-boiled 5 per cent, solution of starch, and containing 2 per cent, of
potassium iodide, being employed. The blue colour obtained on the addition
of these reagents was compared, as regards its intensity, with the colour
produced by a similar amount of the reagents added to standard solutions of
nitrite of sodium placed in test-tubes of the same diameter and used in the
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same quantity as in the case of the nitroglycerine solution. The purity of the
nitrite of sodium was previously ascertained by titration with a standard
solution of permanganate of potash; and the strengths employed of the
standard solutions of the nitrite were 1 in 500,000, and 1 in 1,000,000. The
solution of decomposed nitroglycerine was diluted with distilled water until,
on the addition of the starch reagent, a depth of blue was obtained precisely
similar to that given by the strongest of the standard solutions of the nitrite.
The solution was then diluted with an equal bulk of water, and, for the
purpose of control, compared with the weaker standard solution. From the
amount of dilution needed it was easy to estimate the quantity of nitrous acid
present in the solution of the decomposed nitroglycerine. This method is
only approximately correct, but it is the only method available. Any error
was as far as possible eliminated by making the dilutions and comparisons with
extreme care, and by occasionally repeating the estimation of the nitrous acid.
The following were the results obtained. (The letters following the various
specimens of nitroglycerine are for the purpose of identifying each specimen
with its mode of preparation, which will be afterwards stated.)

I. Nitroglycerine, A.—1-1533 grms. dissolved in about 5 c.c. of alcohol,
and treated with fully 1*5 grms. of caustic potash dissolved in about
12 c.c. of alcohol. Boiled over water-bath for half an hour, water
being added to replace the evaporated alcohol, and heating
continued until the whole of the alcohol was driven off. Fluid
diluted to 30 c.c. 1 c.c. of this was further diluted, and employed
for the estimation of the nitrous acid. A dilution corresponding to
1 of the original nitroglycerine in 620,000 of water was found to
contain the same proportion of nitrous acid as the 1 in 1,000,000
standard solution of nitrite of sodium. The nitroglycerine had,

therefore, produced a quantity of nitrous anhydride -— \~ corre-
sponding to 62 per cent, of the anhydride in Na.O.NO, or 34*143 per
cent, of the weight of the nitroglycerine.

A second estimation of the nitrous acid in the same solution
of decomposed nitroglycerine gave 35-244 per cent, of N2O3.

II. Nitroglycerine, A.—1 c.c. of a 10 per cent, solution heated to the
boiling point with a small excess of alcoholic solution of potash;
diluted with two volumes of water and again heated to the boiling
point, and the nitrous acid then estimated.

The nitroglycerine yielded 35'24 per cent, of —^~s--

III. Nitroglycerine, A.—Same in all respects as II.
The yield of nitrous anhydride was 35*24 per cent.
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IV. Nitroglycerine, A.—Same as II., except that caustic soda was used
instead of caustic potash. The decomposition presented the same
appearances as when potash was used.

The yield of nitrous anhydride was 35<24 per cent.

V. Nitroglycerine, A.—Same as II., but no heat applied, and fluid freely
diluted with water two minutes after the addition of the potash.

The yield of nitrous anhydride was 33*04 per cent.

VI. Nitroglycerine, B.—1 grm. dissolved in about 6 c.c. of alcohol, and
heated with 12 c.c. of 12^ per cent, alcoholic solution of caustic
potash. Boiled over water-bath to dissipate the alcohol, water
being added to replace the alcohol.

The yield of nitrous anhydride was 34*96 per cent.
VII. Nitroglycerine, D.—1 grm. dissolved in 15 c.c. of alcohol, and heated

with excess of potash solution.
The yield of nitrous anhydride was 34*41 per cent. Another

estimation gave 34*96 per cent.
VIII. Nitroglycerine, F.—Same proportions of nitroglycerine and alkali

as in VII.
The yield of nitrous anhydride was 34*96 per cent.

IX. Nitroglycerine, G.—Same proportions as VII.
The yield of nitrous anhydride was 35*24 per cent.

X. Nitroglycerine, G.—Same proportions as IX.
The yield of nitrous anhydride was 34*96 per cent.

XI. Nitroglycerine, N.—Same proportions as X.
The yield of nitrous anhydride was 35*24 per cent.

XII. Nitroglycerine (from NOBEL'S dynamite).—Same proportions as X.
The yield of nitrous anhydride was 35#24 per cent.

SUMMARY OF ESTIMATIONS OF NITROUS ACID IN THE ALKALINE DECOMPOSITION-

PRODUCTS OF NITROGLYCERINE.

No. of Analysis.

Specimen
of

Nitroglycerine.

Percentage of
Nitrous

Anhydride.

I.

A

341-43

II.

A

35-24

III.

A

35-24

IV.

A

35-24

V.

A

33-04

VI.

B

34-96

VII.

D

34-41

VIII.

F

34-96

IX.

G

35-24

X.

G

34-96

XL

N

35-24

XII.

Dyna-
mite.

35-24
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These analyses are amply sufficient to show that the amount of nitrous acid
formed during the alkaline decomposition of nitroglycerine is neither small
nor variable ; and, assuming that nitroglycerine is a trinitrate of glyceryl, it
corresponds remarkably with the supposition that two out of tLe three parts
of nitric anhydride, which nitroglycerine contains, are reduced to nitrous
anhydride; for the trinitrate of glyceryl ought theoretically to yield, if so
reduced, 33'48 per cent., an amount which agrees very closely with that
actually obtained, if due allowance be made for experimental error in a method
which, although the best available, cannot claim to be exact.

It is open to suggestion, reasoning alone from these estimations of nitrous acid,
that nitroglycerine is perhaps a di-nitrite of glyceryl, or a mono-nitrate di-nitrite
of glyceryl. As opposed to its being one or other of those bodies, the fact
that specimens of nitroglycerine, as B and D, prepared in presence of urea, were
found to yield the same proportion of nitrous acid as the others, is of importance.
Another weighty objection to its being a nitrite is that on passing nitrous
anhydride gas into glycerine no substance at all resembling nitroglycerine was
obtainable; although there was formed an oily liquid containing nitrous acid
in combination, which, however, quickly decomposed in contact with water.
This body has recently been investigated by Mr MASSON,* and he believes it to
be the tri-nitrite of glyceryl. It is not probable that the di-nitrite will possess
greatly different properties. Were nitroglycerine the di-nitrite, it ought to
yield a much higher proportion of nitrous acid than was actually obtained.
For these and various other reasons, it is not the di-nitrite, and much less the
tri-nitrite. As to the possibility of its being a mono-nitrate di-nitrite, the
objection as to the yield of nitrous acid is not by any means strong. For

N Osuch a body ought theoretically to yield 30*89 per cent, of —^-s- (nitrous

anhydride), an amount tolerably close to what was actually obtained. And
amongst the alkaline decomposition products of nitroglycerine, it is not difficult
to separate nitrate of potassium by crystallisation. But, on the other hand,
the mono-nitrate di-nitrite ought to yield 21-5 per cent, of nitrogen/whereas,
by actual experiment, Mr MASSON and myself have found that nitroglycerine
contains a much lower percentage of nitrogen.

From these and other considerations, which will be referred to later on, it
is impossible to avoid concluding that nitroglycerine is a tri-nitrate of glyceryl,
and that two-thirds of its nitric acid is reduced to nitrous acid during the
decomposition of the ether, t

I shall now give a brief account of the other substances, besides nitrite of
potassium, which are formed when an alcoholic solution of potash acts on an
alcoholic solution of nitroglycerine.

* Masson, Journ. Chem. Soc, August 1883.
t Vide accompanying communication on " The Elementary Composition of Nitroglycerine."
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Nitrate of potassium is, as I have mentioned, present in considerable
quantity, and with the nitrite constitutes the larger portion of the reddish-brown,
partly viscid, partly crystalline precipitate, which is formed in the decomposing
fluid. I have not estimated the nitrate quantitatively; but there is every
reason to believe, from the estimation of the total nitrogen by SCHLOESING'S

method and from other circumstances, that the amount of the nitric acid cor-
responds very closely to one-third of the nitrogen present in nitroglycerine.

But nitrite and nitrate of potassium are not the only substances formed. I
have also proved the presence of acetate of potassium, oxalate of potassium,
and, doubtfully, of formate of potassium, neither of the two latter appearing to
be present in large quantity. There is also a small amount of ammonia, and of a
reddish-brown, resinous body, which imparts the dark colour to the decomposing
fluid. There is likewise present a very curious and very interesting substance,
which possesses the unusual power of forming a firm jelly with a very large
proportion of absolute alcohol. In contradiction to RAILTON and WILLIAMSON,

and previous investigators, I have found no glycerine, or only the merest trace
of it. This is a new and most important fact.

In order to ascertain the presence and nature of these various decomposition-
products, 6"67 grammes of pure nitroglycerine were decomposed with excess of
potash in the usual manner, the mixture being allowed to boil for five minutes,
and afterwards set aside for one day, to permit of the deposition of certain of
the substances dissolved in the hot absolute alcohol. The supernatant fluid,
which was transparent and of an orange colour, was then decanted, and the
residue was again boiled with a fresh quantity of absolute alcohol, and again set
aside for a day, when the alcohol was decanted and added to the previously
decanted alcohol. This process was repeated a third time. The mixed alcoholic
fluids ought to have contained the excess of caustic potash and the whole of
the glycerine, were any present; and in the deep reddish-brown residue I
expected to find nearly all the colouring matter, and all the salts insoluble in
absolute alcohol, as the nitrite and nitrate of potassium.

The mixed alcoholic fluids were neutralised with alcoholic sulphuric acid in
order to precipitate the potash as sulphate of potash. A voluminous white
precipitate formed, which, after standing for some hours, was separated by
filtration. The filtrate, although faintly acid, yielded another tolerably copious
precipitate of sulphate of potash on the further addition of sulphuric acid, which
was now added in distinct excess. Salts of potash were evidently present, dis-
solved in the alcohol; certainly, amongst others, the nitrite and acetate, as proved
by testing. The precipitate was again removed by filtration, and the alco-
holic fluid was now distilled fractionally in order to remove the more volatile
substances, as the alcohol and acetic, formic and nitrous acids, the less volatile
glycerine, if present, remaining in the retort. Distillation was continued until
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four-fifths of the fluid had been evaporated. An equal bulk of water was now
added to the residue, and distillation was continued until the alcohol was almost
completely expelled. The residue was now saturated with pure barium hydrate,
in order to remove the sulphuric acid, and then filtered ; and the excess of
barium was precipitated by a stream of carbonic acid gas, and the fluid was
again filtered. The filtrate was now evaporated over the water-bath, and was
quickly reduced to five or six drops of a golden yellow viscid residue. Treated
with absolute alcohol, in which glycerine is freely soluble, it at once hardened,
and was almost entirely insoluble in alcohol. It evidently consisted in part of
a barium salt, as ascertained by testing. The alcoholic solution or extract was
filtered, and, on evaporation, yielded about one drop of a yellowish syrup, much
more viscid than glycerine, and pungent rather than sweet to the taste. A few
minutes' further drying dessicated it to a hard scale. The syrup gave merely
the faintest odour of acrolein when heated with acid sulphate of potash. I
therefore concluded that this residue, which ought to have contained the greater
part of the glycerine, were any present, contained practically none of that sub-
stance. The absence of glycerine from the alkaline decomposition products of
nitroglycerine was confirmed by a second experiment, made with a still larger
quantity of nitroglycerine, and in which no distillation was practised, and less
opportunity therefore afforded for the decomposition or evaporation of the
glycerine.

The deep reddish-brown residue, laid aside at the commencement, after
being well washed and extracted with boiling absolute alcohol, was next
examined. Dried at 100° C. for 24 hours, it weighed 14*65 grms., and was
probably not even then absolutely dry, although very nearly so. The large
amount of the residue is remarkable, as it weighs considerably more than the
sum of the weights of the nitroglycerine decomposed, and of the potash neces-
sary, according to RAILTON'S equation, for the decomposition of the nitro-
glycerine. This point will shortly receive an explanation.

The dried residue was perfectly soluble in water, forming even with a large
volume of water a deep reddish-brown solution. A portion of the residue was
dissolved in boiling water, and, after standing for some hours, large needle-
shaped crystals of nitrate of potassium separated, which by re-solution and
re-crystallisation were obtained in a perfectly pure form, and distinctly recognised
to be nitrate of potassium. From another measured portion of the residue it
was attempted to remove the nitrite of potassium and formate of potassium (if
present), by treatment with strong acetic acid, and extraction with boiling-
absolute alcohol, in order to remove the acetate of potash and free acids thus
formed, and to obtain in a tolerably pure state the nitrate of potassium for the
purpo.se of a quantitative determination; but the method did not succeed.

One-half of the original dried residue was next dissolved in water, and
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treated with moderate excess of dilute sulphuric acid, and heated for a few
minutes. Red fumes were evolved with brisk effervescence; and a dark
reddish-brown precipitate was formed, which evidently constituted the colouring
matter of the decomposition products of nitroglycerine, although the colour
was not wholly removed by the addition of the acid. The precipitate was
collected on a filter, and washed with dilute acid and dried ; it weighed 0"040
gram. It was insoluble in acid solutions, but freely soluble in dilute solu-
tions of alkalies or alkaline carbonates, and was of a resinoid character, and is
probably similar in nature to aldehyde-resin, or even to caramel.

As regards the peculiar alcohol-gelatinising body which I have mentioned
as existing amongst the products of the alkaline decomposition of nitro-
glycerine, it was met with in the course of an examination of the decomposed
products of 15 grms. of nitroglycerine, obtained in the usual way. The
supernatant alcoholic fluid was treated with excess of dilute alcoholic sulphuric
acid, in order to precipitate all the potash, both free and combined. The filtrate
was afterwards neutralised, and the sulphuric acid precipitated by means of
pure carbonate of barium. The evaporated filtrate yielded a residue which
crystallised on cooling, and contained no glycerine, and which was very freely
soluble in water without gelatinisation. It was also freely soluble in hot
absolute alcohol; but on allowing the solution to cool, even if the proportion of
the residue to the alcohol was 1 to 20 or 30, the solution became a firm, partly
crystalline-looking jelly, which could not be poured out of the test-tube in which
it formed. This body, whatever be its exact constitution, is certainly a very
exceptional organic substance, and deserves further examination.

No gases are generated when potash acts on nitroglycerine in alcoholic
solution. This was ascertained by placing the solution of nitroglycerine in a
retort connected with a tube inverted over mercury, and boiling to drive out
all the air. Alcoholie potash was then added, precautions being taken to
prevent the simultaneous admission of air, and the boiling was continued for
some time without any gas being formed.

These are the products formed when alcohol is the medium through which
the potash attacks the nitroglycerine. Similar products are obtained when
water is employed, and the only apparent difference is that, on account of the
very sparing solubility of nitroglycerine in water, the decomposition proceeds
with great slowness, fully two hours' boiling over the water-bath being required
to effect the decomposition of one gram, of nitroglycerine in a strong solu-
tion of pure potash. Less red colouring matter is formed than when alcohol is
employed, and much more oxalic acid seems to be produced ; but the amount
of nitrous acid is the same.

From this detailed account of the decomposition of nitroglycerine by caustic
potash, it will be seen that the usual equation is very far from representing

VOL. XXXII. PART'I. N
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what actually occurs. It is almost regarded as a fixed law in the chemical
decomposition of compound ethers by alkalies, that the alkali unites with the
acid of the ether and liberates the alcohol. This does not appear to be the
case with nitroglycerine. For no glycerine is formed, and the acid is in great
part reduced. But there is no doubt that the reduction of the greater portion
of the acid is to be associated with the disappearance of the glycerine, which is
evidently oxidised by the oxygen lost by the acid. Therefore, instead of
glycerine, we have oxidation products of it, as acetic acid, oxalic acid, formic
acid, &c. When nitroglycerine is being decomposed by potash, nitric acid and
glycerine or glyceryl occur in a nascent and very active condition, the one as a
powerful oxidising substance, the other as a readily oxidisable substance. As
a consequence they act on each other, and two out of the three molecules of
the nitric acid part each with an atom of oxygen to the glycerine or glyceryl,
and this amount of oxygen is sufficient to completely oxidise and break up the
glycerine, mostly, if not entirely, into certain organic acids, which, of course,
will combine with a portion of the excess of the alkali used for the decomposi-
tion. That is one view; but there is another view, according to which the
caustic potash may be regarded as taking an active part in the decomposition
of the nascent glyceryl. When pure glycerine is melted with potash, it is well-
known that acetate and formate of potash are produced along with free
hydrogen.* The action is represented by the equation,—

CSH6(OH)8 + 2K0H = KO. CHO + KO. C2H3O + OH2 + 2H2.

The decomposition effected by potash under these conditions may occur even
in dilute solution if the glycerine be in a nascent state, more particularly if
there be present at the same instant a highly oxidising body like nascent nitric
acid, which is promoting the same form of decomposition, and is ready to grasp
the nascent hydrogen. The amount of hydrogen set free is precisely the
quantity needed to reduce two-thirds of the nitric acid of the nitroglycerine,
and the other decomposition products of the equation given correspond toler-
ably closely with those actually ascertained to be formed. But if such a
decomposition occurs, it implies that five, not three,' molecules of hydrate of
potash are required to decompose one molecule of nitroglycerine.. In accord-
ance with these views the action of caustic potash on nitroglycerine may be
represented thus:—

(1) C8H8-3(O-NOS) + 3KOH=C,H6-(OH),+3(K--O'NO8).
Nitroglycerine. Potash. Glycerine. Potassium

and Nitrate.

(2) C3H6-(OH)3+2KOH=KO-CHO+KO-C2H3
Glycerine. Potash. Potassium Potassium Water. Hydrogen.

Formate. Acetate.

* DuMASet STAS, Ann. Chim. Phys., lxxiii., 148.
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(3)
Potassium Hydro- Potassium Potassium Water,

Nitrate, gen. Nitrate. Nitrite,

or, combining these stages of the supposed reaction into one equation:—

(4) C3H5.3(0. N02) + 5K0H = KO. N02+2(K0. NO)+KO. CHO+KO. C2H3O + 3OH2.
Nitroglycerine. Potash. Potassium Potassium Potassium Potassium Water,

Nitrate, Nitrite. . Formate. Acetate,

In equation (1) it might have been more in harmony with the view ad-
vanced that the glycerine should have been represented as glyceryl and water,
to indicate more completely its nascent state.

There is every reason to believe that equation (4) is substantially and
approximately correct, although in respect of the oxidation products of
glycerine these may vary in their nature and proportions. Besides being in
accordance with the results of the examination of the products of decomposi-
tion, it is supported, as regards the amount of potash required, by the following
experiments:—

According to RAILTON'S equation, one part of nitroglycerine requires for its
complete decomposition 0 741 parts of potassium hydrate; according to the
equation just given the proportion is as 1:1-235. If less of potash is used than
in the latter proportion, then, if the latter equation be correct, complete decom-
position will not occur, and a quantity of nitrous acid will be produced corre-
sponding to the amount of potash employed ; and the solution of the products
of decomposition will remain neutral until more than the requisite proportion
of potash (1-235 to 1) has been added. In the following four experiments
nitroglycerine, F., was employed in every instance, and a certain quantity of it
was dissolved in alcohol and decomposed by an alcoholic solution of a given
weight of pure potash, freshly crystallised from alcohol, and as free as possible
from carbonate ; the mixture being boiled for ten minutes, diluted with water,
and again boiled for ten minutes.

No. of
Experiment.

I.

II.

III.

IV.

Weight of
Nitroglycerine.

Grms,

1

1

1

1

Weight of
Potassium
Hydrate.

Grms.

0-80

1-00

1-24

1-50

Yield of Nitrous Anhydride,
expressed as percentage of

Nitroglycerine used.

Calculated accord-
ing to Author's
equation.

21-68

2711

33-48

33-48

Found;

23-23

28-68

34-69

34-69

Reaction of Decom-
posed Fluid.

Neutral.

Neutral.

f Very slightly
\ alkaline.

Alkaline.
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The degree of alkalinity of (IV.) was ascertained by titration with a stand-
ard solution of sulphuric acid (30 in 1000). 6*2 c.c. of standard acid were
required for complete neutralisation, which is equivalent to 0-203 grms. of
potassium hydrate, which, subtracted from 1/50 grms., the quantity of potash
originally added, gives 1297 grms. as the amount of potash actually used up,
or a little more than the theoretical quantity. It is noteworthy in these
experiments that where less than five molecules of potash, although more than
three, were added to one of nitroglycerine, a quantity of nitroglycerine could
be observed to remain undecomposed, as it was precipitated on the addition of
water to the alcoholic mixture, proving that when potash acts on nitroglycerine
in presence of excess of the latter, according to the equation I have adopted,
the potash is used up in thoroughly decomposing each molecule of the nitro-
glycerine, and does not partially decompose a greater number of molecules.
The respective yields of nitrous acid, are alone sufficient to prove this.

The amount of potash required for the decomposition of nitroglycerine is
interesting in connection with a method described by BECKERHINN * a few years
ago for the estimation of the degree of acidification of the ether, whether tri-,
di-, or mono-nitrate, in which, after adding what he considered to be excess of
caustic potash, he titrated the excess with normal oxalic acid. But his calcula-
tions were based on the accuracy of RAILTON'S equation. It is very difficult,
therefore, to understand how he could possibly have obtained satisfactory results,
although he claimed to have done so, and quoted two analyses. In the follow-
ing year HESS and SCHWAB t denied the correctness of his method, and made
analyses according to it, but obtained widely different results, yet still acknow-
ledging RAILTON'S formula, and ascribing the faultiness of the method to various
minor circumstances.

Action of Ammonia.—The volatile alkali seems to act on nitroglycerine in
the same manner as the fixed alkalies, but not so energetically. When excess
of strong ammonia was added to an alcoholic solution of nitroglycerine, there
was no immediate decomposition of the nitroglycerine, as is the case when
potash or soda is added. The resultant mixture remained colourless and
showed no precipitate. It was then placed over the water-bath and heated all
but to ebullition for one hour; and in order to preserve excess of ammonia, more
of the reagent was added from time to time. It now gradually assumed a deep
reddish-brown colour, almost deeper than that observed in decomposition with
potash. The maximum intensity of colour was reached after half an hour's
heating, so that ammonia acts much more slowly than potash. The amount of
nitrous anhydride obtained was equivalent to 34-5 per cent, of the nitroglycerine

* BBCKEBHINN, Sitzungsb. d. Wien. Akad., Bd. lxxiii. (1876), Abth. 2, S. 235.
f HESS U. SCHWAB, Ibid., Bd. lxxv. (1877), Abth. 1, S. 702.
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used, or a proportion exactly similar to that produced by the action of a fixed
alkali.*

Action of Alkaline Carbonates.—Nitroglycerine was dissolved in slightly
diluted alcohol in order to permit the solution in it of carbonate of potash,
which was afterwards added in the form of a concentrated aqueous solution.
The mixture slowly assumed a reddish colour even in the cold. Heated over
the water-bath, the nitroglycerine tolerably rapidly underwent decomposition,
and the fluid became of a fairly deep reddish-brown colour. The fluid was
heated for one hour, and water was added as the alcohol became evaporated.
The yield of nitrous anhydride was 3S/24 per cent., or the same as when
caustic potash is used. In a second experiment the yield was exactly the
same. Using a five per cent, alcoholic solution of nitroglycerine, and boiling
it with excess of carbonate of potash, it was ascertained that complete
decomposition occurs in about ten minutes.

Action of Phosphate of Soda fNa2HPO4J.—This salt is acid in constitution,
but alkaline in reaction. Added in concentrated aquepus solution to a one
per cent, alcoholic solution of nitroglycerine, and heated over the water-bath, the
phosphate commenced to decompose the nitroglycerine three to four minutes
after the mixture was fully heated, as was evidenced by the appearance of a
yellowish tint gradually deepening to an orange-red. After heating for an
hour and a half, slightly diluted alcohol being added occasionally, a yield of
1376 per cent, of nitrous anhydride was obtained. In another experiment,
after heating a similar mixture for forty minutes, 13 21 per cent, of nitrous
anhydride was obtained. On both occasions the nitrous acid was estimated
in one half of the fluid, and it was observed, in diluting the fluid with
water, that a considerable amount of nitroglycerine was precipitated. In
the second experiment, by adding potash to the remaining half of the fluid,
and heating for a few minutes, and then estimating the nitrous acid, 3441 per
cent, of nitrous anhydride was obtained, proving that no nitrous acid had been
set free by the phosphate of soda, which, in the absence of sufficient alkali,

* It is somewhat remarkable that the yield of nitrous acid was as great as when a fixed alkali
was used ; since it is well known that a solution of nitrite of ammonia readily undergoes decom-
position when heated ; and it was to be expected that the estimated yield of nitrous acid would have
been diminished by the occurrence of such a decomposition in the heated fluid. In order to make
certain that the result obtained was correct, and that under the conditions of the exjseriment such a
decomposition did not occur, or occurred only to a limited extent, I have, since the paper was read,
repeated the experiment. This I have done on two occasions, and with separate quantities of pure
nitroglycerine. On the first occasion only 29'6 per cent, of nitrous anhydride was obtained, but, on
the second, 34.1 per cent., or very nearly what was obtained in the experiment recorded in the text.
The nitrite of ammonia formed by the splitting up of the nitroglycerine would appear, therefore, to
undergo very little decomposition under the conditions in which it is placed. This may be due to.
the excess of free ammonia always maintained in the decomposing mixture, or to the low degree of
heat applied, as, in order to prevent the rapid escape of gaseous ammonia, heat was applied short of
ebullition of the fluid, or, more properly, of the escape of ammonia in the form of bubbles of gas ; or
ît may be that the highly concentrated alcohol in which the nitroglycerine was dissolved hindered the
decomposition of the nitrite.
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might have been decomposed into nitric acid and nitric oxide, or evaporated
off. This form of control-analysis is the more necessary when the salt or
substance employed to act on the nitroglycerine is neutral; and in such
circumstances I have always made use of it.

Phosphate of soda appears, therefore, to act on nitroglycerine in much thesame
manner as alkalies and alkaline carbonates, only very much less powerfully.

Action of Chloride of Sodium.—Excess of a concentrated solution of the pure
salt was mixed with a one per cent, alcoholic solution of nitroglycerine. The
salt was not precipitated, as the alcohol contained a little water. The mixture
was heated for thirty-five minutes. There was no perceptible change of colour,
and the quantity of nitrons acid did not amount to more than a fraction of a
per cent, of the nitroglycerine used. The starch reagent yielded no blue
colour with the fluid until sulphuric acid was added. The trace of nitrous acid
was therefore present as a nitrite. One half of the fluid was treated with
potash, and from it was procured an amount of nitrous anhydride correspond-
ing to 35"25 per cent, of the nitroglycerine. The chloride of sodium had not,
therefore, decomposed the nitroglycerine and lost the nitrous acid by
decomposition or evaporation.

Chloride of sodium possesses, therefore, extremely little action on nitro-
glycerine.

Action of Hydrochloric Acid.—1'6 c.c. of the Strong acid were diluted with
2 c.c. of water and added to 10 c.c. of a one per cent, alcoholic solution of
nitroglycerine ; and the mixture was heated over the water-bath for half an
hour. It was then found to contain a trace of nitrous acid, not exceeding a
small fraction of a per cent, of the nitroglycerine. One half of the fluid,
heated with excess of caustic potash, and thus completely decomposed, yielded
nitrous anhydride corresponding to 13 "5 per cent, of the nitroglycerine.
This showed that the hydrochloric acid had decomposed about 39 per cent,
of the nitroglycerine, but whether with the formation of nitrous acid, it is
quite impossible to say. For even had nitrous acid been formed, it would have
been driven off by the boiling, or decomposed in contact with the water of
the fluid.

Hydrochloric acid, therefore, in large excess, decomposes nitroglycerme
much more slowly than a -caustic alkali or even an alkaline carbonate, and not
much more quickly than phosphate of soda.

Action of Szdphuric Acid.—0"5 c.c. of strong sulphuric acid was diluted
with 1 c.c. of water, and mixed with 10 c.c. of a one per cent, solution of
nitroglycerine, and heated for half an hour. At the end of this period the
fluid did not contain more than the merest trace of nitrous acid. One half
of the fluid, boiled with potash, yielded nitrous anhydride corresponding to
29*7 per cent, of the nitroglycerine. The sulphuric acid had, accordingly,
decomposed 11*3 per cent of the nitroglycerine employed.
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Sulphuric acid, in the proportion used, would appear, therefore, to act less
energetically than hydrochloric acid on nitroglycerine. Concentrated sulphuric
acid in the cold seems to have almost no action, as is proved by the method
of the preparation of nitroglycerine.

Action of Sulphuretted Hydrogen.—According to DE VRIJ,* an ethereal
solution of nitroglycerine is readily decomposed by sulphuretted hydrogen with
a copious precipitation of sulphur.

In order to test the truth of this observation, I submitted two- ten per
cent, solutions of nitroglycerine—the one in absolute alcohol, the other in
ether—-to the action of a stream of sulphuretted hydrogen gas. But although
the gas was allowed to pass in a rapid stream through each solution for fifteen,
minutes, yet not the slightest trace of decomposition occurred, as was evidenced
by no change of colour, and the absence of nitrous acid and precipitated sulphur
and other decomposition products ; even although, in the case of the alcoholic
solution, its temperature was raised to near the boiling point and the gas passed
for fifteen minutes longer. Nitroglycerine was precipitated abundantly from
both solutions on the addition of water. These experiments were more than
once made, and always with the same result.

It must, therefore, be concluded that sulphuretted hydrogen has no action,
or at most a very slow action, on pure nitroglycerine. The opposite experience
of DE VRIJ was probably due to his having used an impure nitroglycerine.

Action of Alkaline Sulphides.—These act very energetically on nitro-
glycerine, and decompose it, if in alcoholic solution, as rapidly as alkalies alone
do. On adding a solution of ordinary sulphide of potassium, or sulphide of
ammonium, to an alcoholic solution of nitroglycerine, the mixture quickly
assumes a deep reddish-brown colour, and its temperature rises ; and the
action of the sulphide is completed with a sudden and most abundant
precipitation of sulphur in every part of the mixture simultaneously. ISTo gas
is given off; and, contrary to expectation, after being boiled with excess of
the sulphide for half an hour, filtered to remove the sulphur, and treated with
acetate of lead and again filtered to remove the sulphuretted hydrogen of the
sulphide, it yielded evidence of the presence of nitrous acid to the extent of a
little less than half the proportion yielded by a purely alkaline decomposition.
It would appear, therefore, that the whole of the nitrous acid set free in the
decomposition of the nitroglycerine by the alkali of the sulphide is not acted
on by the sulphuretted hydrogen of the sulphide. For we may assume, since
sulphuretted hydrogen does not of itself attack nitroglycerine, that it is the
alkali of the sulphide which takes the initial step in the decomposition of the
nitroglycerine ; the sulphuretted hydrogen playing a subsidiary part, and merely
acting on the nascent products of the decomposition effected by the alkali.

* DE VRIJ, Journ. Pharm. [3], xxviii.,3; and GMELIN'S Handbook of Chemistry, x. p. 562.



82 DR MATTHEW HAY ON THE

But why the whole of the nascent nitrous acid should not thus be decomposed
by the sulphuretted hydrogen I do not, in the meantime, attempt to explain,
beyond suggesting that the nascent nitrous acid may in part combine with
the alkali; and, once so united, it is incapable of being acted on by the
sulphuretted hydrogen.

But the sulphuretted hydrogen does not play an altogether passive part in
the actual decomposition of the nitroglycerine itself, for when an aqueous
solution 'of an alkaline sulphide, such as potassium sulphide or ammonium
sulphide, is poured over pure undissolved nitroglycerine, and the mixture
vigorously shaken, the solution gradually becomes reddish, and the tempera-
ture rises, and apparently, when the temperature has risen sufficiently, the
whole or nearly the whole of the nitroglycerine suddenly decomposes with a
copious formation of sulphur. In fact, the nitroglycerine seems to become
suddenly converted into a mass of sulphur. It will be remembered that when
potash alone is allowed to act on nitroglycerine under similar circumstances,
the decomposition proceeds very slowly. The presence, therefore, of
sulphuretted hydrogen very greatly promotes the decomposition of nitro-
glycerine ; but in what particular manner I have not endeavoured to ascertain.

Action of Water.—In order to ascertain to what extent water when boiled
with nitroglycerine is capable of decomposing it, a given quantity of a saturated
aqueous, and, owing to the insolubility of nitroglycerine in water, a necessarily
weak, solution of nitroglycerine was heated over .the water-bath. After ten
minutes' active heating, the fluid exhibited no signs of decomposition, and con-
tained no trace of nitrous acid. It was then continuously heated for three
hours. It still remained colourless, and on the addition of starch and iodide of
potassium gave no blue ; but when these reagents were added along with
dilute sulphuric acid, a distinct blue was obtained. The nitrous acid present
was evidently combined with some other decomposition product of the nitro-
glycerine ; it was estimated and found to amount to 17 per cent, of the whole
nitroglycerine employed. A given portion of the fluid was heated with potash,
in order to learn how mueh of the nitroglycerine remained undecomposed, and
a quantity of nitrous acid (nitrous anhydride) was obtained, equivalent to 8'88
per cent, of the whole nitroglycerine; from which it is to be concluded that
73-48 per cent, of the nitroglycerine had been decomposed by heating with
water for three hours. It is to be considered that a portion of this may have
been lost by simple evaporation, although this was to a certain extent avoided
by heating in a long-necked Florence flask.-

Action of Alcohol.—A one per cent solution of nitroglycerine in absolute
alcohol was heated over the water-bath for one hour, the alcohol being renewed
from time to time. There was no change in colour, and nitrous acid could not
be detected, even when sulphuric acid was added along with the usual reagents.
A portion of the fluid was decomposed with potash, and the nitrous anhydride
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obtained was found to be equivalent to 33 45 per cent, of the whole nitro-
glycerine, proving that the nitroglycerine had not been apparently decomposed
by heating with alcohol.

From this it is evident that the alcohol used as a menstruum in ascertaining
the action of other substances on nitroglycerine did not of itself aid in the
decomposition of the nitroglycerine.

Preparation of Nitroglycerine.--—After I had observed that nitroglycerine
yielded, when decomposed with an alkali, a large amount of nitrous acid, and being
fully sensible of the insufficiency of existing analyses to determine the elementary
composition of nitroglycerine, doubts arose in my mind, as I have already
stated, as to whether nitroglycerine was actually a tri-nitrate of glyceryl. I
have already given some important reasons in connection with its alkaline
decomposition products for regarding it as the tri-nitrate, and not as any form
of a nitrite. But I have thought it advisable to supply what additional proof
could be obtained of its composition from a consideration of the yield of nitro-
glycerine from a given weight of glycerine. For this purpose I prepared nitro-
glycerine with various proportions of glycerine and acids, in order to ascertain
the highest possible yield of nitroglycerine. Another important object which I
had at the same time in view was to learn how far such variations in the method
of the preparation of nitroglycerine might affect its composition. The latter
object was very desirable, owing to the very discrepant statements which have
been made by previous investigators as to nitroglycerine consisting entirely of
tri-nitrate of glyceryl, or of a mixture of the tri-nitrate with the di-nitrate and
mono-nitrate.

In the preparation of the nitroglycerine, PRICE'S pure glycerine, dried for
six hours in the air-bath at a temperature of 120°C, was always employed ; the
specific gravity, after drying, was 1-260 at 14°C. The acids were each of two
strengths—nitric acid, of a specific gravity of 1-422 (referred to as strong nitric
in what follows), and 1-494 (referred to as fuming nitric acid); sulphuric acid,
of a specific gravity of 1-844 (referred to as strong sulphuric acid), and 1-984
(referred to as fuming sulphuric acid); all at 15-5°C. In every instance the
nitric and sulphuric acids were first mixed and placed in a vessel containing
salt and ice, and cooled to below 0°C. In certain cases where urea was also
used, it was added to the nitric acid previous to mixture with the sulphuric
acid. Into the cooled mixture of the acids the glycerine was slowly dropped
and well mixed by constant stirring, the temperature, as ascertained by a ther-
mometer, never being permitted to rise above 10°C. After standing for a
variable time, the mixture was poured into a large and measured quantity of
cold water, when the nitroglycerine was precipitated. It was now very care-
fully collected, after thorough stirring with the water, and was in this slightly
impure state dried in the air-bath at 70°C. It dried quickly, but assumed a
yellowish tint, and had a pungent acid odour. The weight of the dried nitro-̂
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glycerine, increased by the weight of the nitroglycerine known to be lost by
solution in the water into which it had been thrown, and which was calculated
from a solubility of 1 in 800, gave the total yield of nitroglycerine. The nitro-
glycerine before being used for any other purpose, as for analysis, was thor-
oughly shaken with successive quantities of distilled water until it was perfectly
pure. The first precipitation and washing was, I am satisfied, quite sufficient
to remove by far the largest part of the impurities, and the trace of these left
did not interfere to any noteworthy extent with the actual weight of the nitro-
glycerine. In certain cases I checked the weight of the raw nitroglycerine by
weighing the product after it had been thoroughly purified, and, again allowing
for loss by washing, according to the quantity of water used, I obtained almost
the same weights. A note of the time for which the mixture of the acids and
glycerine was allowed to stand before being thrown into water was always kept,

Figure
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The specific gravity of each nitroglycerine was taken, and was found to vary
from 1*601 to 1*604, depending on the temperature. From this fact alone, of
the close agreement in specific gravity exhibited by the various products, it
might be fairly concluded that they were all one and the same body. Their
uniformity has, however, been more certainly proved by their all having been
ascertained to contain the same percentage of nitrogen.* Indeed, in whatever
way tested, whether as regards specific gravity, yield of nitrogen and of nitrous
acid, and behaviour towards solvents, they were all found to agree precisely.
The great difference in the amounts of the various products cannot therefore be
regarded as being due to a difference in the nitroglycerine. It seems to be
almost entirely caused by the differences in the quality and proportion of the

* Vide HAT and MASSON'S Paper on "The Elementary Composition of Nitroglycerine."
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acids. The highest yield of nitroglycerine is that of N., where 234 parts of
nitroglycerine were procured from 100 parts of glycerine. Now, glycerine,
C3H3.(OH)3, ought theoretically to produce 246 per cent, of tri-nitrate of
glyceryl, C3H5.3(O.NO2). Making allowance for inevitable loss from
various intelligible causes, it may, therefore, be fairly deduced that the experi-
mental yield of nitroglycerine strongly favours nitroglycerine being regarded,
as the tri-nitrate. If it were the tri-nitrite, C3H5.3(0.NO), the theoretical
yield would be 194 per cent.; if the di-nitrite, C3H5.HO.2(O.NO), 163 per
cent.; and if the mono-nitrate di-nitrite, C3H5.(O.NO2).2(O.NO), 211 per cent.
The actual yield very distinctly exceeds any of these.

With regard to the conclusions of practical and commercial importance
which may be drawn from these various methods of preparing nitroglycerine,
it is to be observed that there is a distinct advantage, as is generally recognised,
in employing fuming nitric acid (compare (F) and (G) with (K)); that where
fuming nitric acid is used, no benefit is to be obtained from the employment of
fuming sulphuric acid (compare (L) and (M) with (K) and (N)); that two parts
of ordinary sulphuric acid to one part of fuming nitric acid appears to give as
good a yield as any other proportion of acids, and quite as large a yield as
when more sulphuric acid is used (compare (N) with (K)); and that the yield
is not to any considerable extent increased by allowing the acids and glycerine
to remain in contact for some time after mixture, as some chemists have
advised (compare (F) with (G), and (L) with (M)).

Characters of Nitroglycerine.—I have been somewhat surprised to find
that a large number of contradictory statements exist as to the ordinary physical
characters of nitroglycerine. Whilst a few authors describe it as colourless,
by others it is referred to as a pale yellow oil, even in the most authoritative
modern works on Chemistry, as FEHLING'S Neues Handworterbuch der Chemie*
and BEILSTEIN'S Handbuch der Organischen ChemieA Now nitroglycerine is per-
fectly colourless when pure. As obtained from dynamite, it is certainly yellow,
but the colour is due to decomposition having taken place, which, I believe, is
to little or no extent spontaneous in character, but rather proceeds from the
presence of a little of the weak soda which is invariably employed in the manu-
facture of nitroglycerine for the purpose of removing the traces of the acids.
The soda neutralises the acids, but it at the same time decomposes the nitro-
glycerine, and imparts the colour so commonly ascribed to it as an inherent
property. Nitroglycerine washed with distilled water has in my possession
never become in the slightest degree coloured, even although kept in an open
capsule, freely exposed to the air, but away from dust, for two months; in
stoppered bottles it has not during the last seven months showed the least sign of
decomposition. Even in solution in water, or in alcohol, it keeps almost equally
well. More than one author states that it decomposes and becomes red on

* Bd. iii. 1878. f S. 529, 1881.
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being heated over the water-bath. I have heated pure nitroglycerine to the
highest possible temperature over the water-bath for four hours, and have
never observed the development of the slightest colour or decomposition.
When it decomposes under such circumstances it probably contains free acid
or alkali. Again, it is stated by RAILTON* that when placed in the bell-jar of
the air-pump it rapidly undergoes decomposition. In the course of the investi-
gation by Mr MASSON and myself, we have kept nitroglycerine for twelve days
in vacuo without its exhibiting the slightest signs of decomposition. The
decomposition of RATLTON'S preparation must have been due to its impurity.

Nitroglycerine has no odour when cold, but emits a pungent odour when
heated. Although odourless in the cold, it nevertheless seems to be under-
going slight volatilisation; for after working with it for a short time, and without
directly touching it with the fingers, I have generally experienced its physio-
logical effect in a slight degree. Its taste is sweet, and not unlike that of
glycerine, but is more pungent.

As regards its solubility, 1 gram, dissolves in about 800 c.c. of water;
with difficulty in 3 c.c. of absolute alcohol, easily in 4 c.c.; in 10-5c.c. of
rectified spirit (sp. gr. 0'846); in 1 c.c. of methylic alcohol (sp. gr. 0'814); in
4 c.c. of methylated spirit (sp. gr. 0"830); in 18 c.c. of amylic alcohol; in every
proportion in ether; so also in chloroform, in glacial acetic acid, and in carbolic
acid; in less than 1 c.c. of benzol; in 120c.c. of carbon bisulphide; and to a
very limited extent, if at all, in glycerine.

Method of Estimating Nitroglycerine. — In cases where nitroglycerine
cannot be estimated gravimetrically after extraction with one of its solvents,
a method based on the evident constancy of the amount of the nitrous acid
produced in its decomposition with potash may be safely adopted. I have
made use of this method for ascertaining the degree of its solubility in water,
and for other quantitative estimations in the course of this investigation,
and it is not difficult to apply. The materials necessary are a standard
solution of pure nitrite of sodium (titrated with permanganate) of the
strength of 1 in 1,000,000, a well-boiled solution of starch and iodide of
potassium, dilute sulphuric acid, and pure potash, ascertained to be free from
nitrous acid. Heat the fluid containing the nitroglycerine with excess of
potash, and dilute with water until, in comparison with the standard solution of
nitrite of sodium, it yields a blue colour with the starch mixture and sulphuric
acid of. precisely the same depth. From the degree of dilution required the
amount of nitrous anhydride present can be readily calculated, and this amount

multiplied by ^^ (33-48 being the percentage of nitrous anhydride yielded by

nitroglycerine) will give the quantity of nitroglycerine.

* Op. tit.




